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(57) ABSTRACT

The invention relates to an optical communications system,
including an optical module, including a module mother-
board provided with a substrate having an upper surface and
a lower surface, an optical component on the upper surface of
the substrate, the optical component being configured to sub-
mit and/or receive optical signals and being connected to
electrical conductors extending through the substrate, an opti-
cal coupling module having a first light coupling port, a
second light coupling port, and at least one light guiding
component guiding light signals between the first and second
light coupling ports, and a connector receptacle, a longitudi-
nal axis of the connector receptacle being provided parallel or
with an acute angle to the plane of the substrate, and a fiber
cable connector provided on an end portion of an optical fiber
cable and received in the connector receptacle.
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1
OPTICAL COMMUNICATIONS SYSTEM AND
METHOD WITH AN OPTICAL
COMMUNICATION MODULE HAVING AN
ACUTE ANGLE CONNECTION

The invention relates to new technologies in the field of
optical communications systems.

BACKGROUND

Optical communication systems are used to transmit and/
or receive optical signals. Usually, the optical signals are
transmitted via optical cables. In a transceivers configuration,
the systems are provided with at least one optical transmitter
configured to send optical signals derived from electrical
signals and at least one optical receiver configured to receive
optical signals which are transformed into electrical signals.

Document U.S. Pat. No. 8,036,500 B2 discloses an optical
communication system in which multiple parallel optical
communications modules are mid-plane mounted on a PCB
(Printed Circuit Board) motherboard. Each module is con-
nected to an optical fiber ribbon cable. The modules are
configured to provide an angular coupling of the ribbon cable
to the module. The module configurations aims at leaving a
significant amount of space between a module and the one
behind it for the purpose of providing room for the ribbon
cable to exit the module without the cable being bent beyond
its minimum bend radius. This feature allows the module
mounting density on the motherboard PCB to be very high
and allows the modules to be mounted closer to their respec-
tive hub ICs (Integrated Circuit), which increases mounting
density and allows the modules to be mounted closer to their
respective hub ICs. The end portion of the ribbon cable is
fixed to a connector module which in turn is mounted on top
of an optics system. Such module assembly is provided on a
connector assembly by which the system can be mounted on
the motherboard PCB.

SUMMARY OF THE INVENTION

It is the object of the invention to provide improved tech-
nologies in the field of optical communications systems pro-
vided with a sender and/or a receiver.

According to one aspect of the invention, an optical com-
munications system is provided, comprising:

an optical module, comprising a module motherboard pro-

vided with a substrate having an upper surface and a
lower surface, an optical component disposed on the
upper surface of the substrate, the optical component
being configured to submit and/or receive optical signals
and being connected to electrical conductors extending
through the substrate, an optical coupling module hav-
ing a first light coupling port, a second light coupling
port, and at least one light guiding component guiding
light signals between the first and second light coupling
ports, and a connector receptacle, a longitudinal axis of
the connector receptacle being provided parallel or with
an acute angle to the plane of the substrate, and

a fiber cable connector provided on an end portion of an

optical fiber cable and received in the connector recep-
tacle, thereby, optically coupling a plurality of optical
fibers of the optical fiber cable to the first or second light
coupling ports.

According to another aspect of the invention, an optical
module is provided, comprising a motherboard comprising a
substrate having an upper surface and a lower surface, an
optical component disposed on the upper surface of the sub-

10

20

25

30

35

40

45

2

strate, the optical component being configured to submit and/
or receive optical signals and being connected to electrical
conductors extending through the substrate, an optical cou-
pling module having a first light coupling port, a second light
coupling port, and at least one light guiding component guid-
ing light signals between the first and second light coupling
ports, and a connector receptacle configured to receive a fiber
cable connector provided on an end portion of an optical fiber
cable, thereby, coupling a plurality of optical fibers to the first
or second light coupling ports, a longitudinal axis of the
connector receptacle being provided parallel or with an acute
angle to the plane of the substrate.
According to still another aspect of the invention, a method
for mounting an optical communications system is provided,
the method comprising steps of:
providing an optical module, comprising a module moth-
erboard provided with a substrate having an upper sur-
face and a lower surface, an optical component disposed
on the upper surface of the substrate, the optical compo-
nent being configured to submit and/or receive optical
signals and being connected to electrical conductors
extending through the substrate, an optical coupling
module having a first light coupling port, a second light
coupling port, and at least one light guiding component
guiding light signals between the first and second light
coupling ports, and a connector receptacle, a longitudi-
nal axis of the connector receptacle being provided par-
allel or with an acute angle to the plane of the substrate,

providing a fiber cable connector provided on an end por-
tion of an optical fiber cable, and

receiving the fiber cable connector in the connector recep-

tacle, thereby, optically coupling a plurality of optical
fibers of the optical fiber cable to the first or second light
coupling ports, the fiber cable connector being received
in the connector receptacle in a position in which a
longitudinal axis of the fiber cable connector is provided
parallel or with an acute angle to the plane of the sub-
strate.

The optical communication system is configured to trans-
mit and/or receive optical signals via one or more optical
channels. For transmission of optical signals electrical signals
are transformed into optical signals by an optical component
provided with a transmitter. In the case of receiving optical
signals in an optical communication, the optical signals
received are transformed into electrical signals by an optical
component provided with a receiver. If the optical module
provided in the optical communication system comprises one
ormore optical components providing the functionality of the
transmitter and the receiver as well, the optical module may
referred to as an optical transceiver module, otherwise there is
an optical transmitter module or an optical receiver module.
In a preferred embodiment, the optical communication sys-
tem is configured to parallel transmit and/or receive optical
signals via a plurality of optical channels.

Depending on the configuration of the optical module, the
first or second light coupling ports may provided as a light
input, a light output or a light input/output (I/O). The light
coupling ports may also be referred to as light coupling ter-
minals.

Preferably, the fiber cable connector is releasable received
in the connector receptacle.

Due to an angle of about 0 degree to smaller than 90 degree
(0°=angle<90°) provided between the longitudinal axis of the
connector receptacle and the plane of the substrate of the
module motherboard, the fiber cable connector maybe guided
along a direction also having such angle to the plane of the
substrate on its way into the connector receptacle and on its
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way departing from the connector receptacle. In a preferred
embodiment, the angle ranges from about 0 to about 30
degree, preferably from about 0 to about 20 degree, and
further preferably from about 0 to about 15 degree. Prefer-
ably, the lower limit for the angle is about 5 degree.

The connector receptacle may be provided with a slot
portion configured to receive the fiber cable connector. A
longitudinal slot axis is in line with the longitudinal axis of the
connector receptacle.

In a preferred embodiment, the acute angle is between
about 5° and about 30° to the plane of the substrate.

The fiber cable connector may be provided as a ferrule
connector. In a preferred embodiment, the fiber cable connec-
tor is a standard fiber cable connector. In this embodiment a
standardized fiber cable connector is connected to the optical
module. For example, a so-called MT-type ferrule connector
may be applied.

The fiber cable the end of which is received in the fiber
cable connector, preferably, is a ribbon type optical fiber
cable.

The optical module may be referred to as an assembly or
combination of a connector module part and an optic module
part, the optic module part comprising the optical coupling
module or unit, and the connector module part comprising the
connector receptacle.

In a preferred embodiment, the connector receptacle com-
prises a module receptacle provided in the optical coupling
module. For example, a module slot may be provided in the
optical coupling module for receiving at least some front part
of the fiber cable connector.

A further development of the invention a housing is pro-
vided, the fiber cable connector being provided with a fiber
cable extension support extending from the housing. At least
the optical coupling module is received in the housing. The
fiber cable extension support extending may rest on the hous-
ing. It may extend through a housing aperture through which
the optical fiber cable is extending.

In a preferred embodiment, the fiber cable connector is
fixed by a latching mechanism in the connector receptacle.
Preferably, the latching mechanism comprises one or more
resilient actuator elements for manually operating the latch-
ing mechanism. The one or more resilient actuator elements
may be provided on the fiber cable extension support.

In another preferred embodiment, at least a coupling mod-
ule portion extending between the first and second light cou-
pling ports in the optical coupling module is provided as
molded module part. Also, the optical coupling as whole may
be provided as molded module.

In an advanced embodiment of the invention, the molded
module part comprises an integrally plurality of optical lenses
provided at least one of the first and the second light coupling
ports. In another embodiment, there is an integrally single
optical lens, preferably in case of an optical communication
system provided with a single optical channel.

Preferably, the at least one light guiding component com-
prises a light reflecting component provided with an obtuse
light reflection angle (angle between incoming light beam
and reflected light beam), therefore, the light reflection angle
being greater than 90 degree, but smaller than 180 degree.

A further development of the invention is that a plurality of
optical lenses is provided in front of fiber end surfaces in the
fiber cable connector. Especially in case of an optical com-
munication system with just a single optical channel, only a
single optical lens may be provided. In an alternative embodi-
ment, the fiber cable connector is free of optical elements,
especially lenses, in front of the fiber end surfaces.
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In a further preferred embodiment, fiber end surfaces in the
fiber cable connector are one of polished fiber front end
surfaces and broken fiber front end surfaces.

In still a further preferred embodiment, there is a connector
assembly having an upper mounting surface and a lower
mounting surface and a connector assembly motherboard
receiving at least one electronic component assigned to the at
least one optical component of the optical module and elec-
trically connected to conductors on the upper and/or the lower
mounting surfaces, the optical module being provided on the
upper mounting surface and electrically connected to the
conductors on the upper mounting surface.

Preferably, the connector assembly comprises an assembly
connector providing the upper mounting surface and an
assembly receptacle providing the lower mounting surface
and being releasable connected to the assembly connector. In
a preferred embodiment, the assembly connector and the
assembly receptacle are releasable connected by a pin plug
connection.

In still another embodiment, the connector assembly com-
prises a Meg-Array assembly. A design concept of such Meg-
Array is disclosed, for example, in the document U.S. Pat. No.
6,042,389 the disclosure of which is incorporated here by
reference.

The optical communication system may be configured to
send and receive optical signals in an operation mode of up to
120 Gb/s.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

In the following, the invention will be described in further
detail, by way of example, with reference to different embodi-
ments. The figures show:

FIG. 1 a front view of an assembly comprising an optical
module provided on a connector assembly,

FIG. 2 a perspective representation of the optical module in
FIG. 1,

FIG. 3 a front view of the assembly in FIG. 1 wherein a
fiber cable is connected via a ferrule connector,

FIG. 4 a section view of the assembly in FIG. 3,

FIG. 5 abottom perspective view of the assembly in FIG. 1,
wherein the optical module together with the connector is
separated from the receptacle of the connector assembly,

FIG. 6 a perspective top view of the assembly in FIG. 5,

FIG. 7 a top perspective view of the receptacle of the
connector assembly on which the printed circuit board is
provided,

FIG. 8 a section view of the optical module provided in the
assembly in FIG. 3,

FIG. 9 aperspective section view of the assembly in FIG. 1,
wherein a top cover is removed,

FIG. 10 a perspective view of a connector of the ferrule
type connecting a fiber cable to the optical module,

FIG. 11 another perspective view of the connector in FIG.
10,

FIG. 12 a perspective view of an assembly comprising a
connector of a connector assembly and an optical module
provided thereon,

FIG. 13 a perspective view of a receptacle of the connector
assembly,

FIG. 14 a perspective view of an optical coupling unit,

FIG. 15 another perspective view of the optical coupling
unit in FIG. 14,

FIG. 16 another perspective view of the optical coupling
unit in FIG. 14 from the bottom,
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FIG. 17 a perspective view of an optical module compris-
ing an optical coupling unit provided on a printed circuit
board,

FIG. 18 a perspective view of an assembly comprising a
connector which is connected to a fiber cable and plugged into
a receptacle provided on an optical module, and

FIG. 19 a perspective view of an assembly comprising a
plurality of optical communication systems provided on a
motherboard.

FIG. 1 shows a front view of an optical communication
system comprising an optical module 1 provided on a con-
nector assembly 2. The optical module 1 being connected to
the connector assembly 2 by an electrical connection, e.g. a
solder connection, is provided with an optical transceiver,
and, therefore, may be referred to as an optical transceiver
module. In other embodiments, the optical module 1 may be
provided with only an optical transmitter or with only an
optical receiver.

The connector assembly 2 may be implemented, for
example, by a so called Meg-Array. A basic design concept of
such Meg-Array is disclosed, for example, in the document
U.S. Pat. No. 6,042,389 the disclosure of which is incorpo-
rated here by reference. In one embodiment, the Meg-Array
has an array of 100 input/output (I/O) pins that plug into a
100-pin ball grid array (BGA). The Meg-Array is, in turn,
secured to a host PCB (Printed Circuit Board) motherboard
(not shown). The connector assembly 2 is provided with a
connector 3 (male or top part) separable plugged into a recep-
tacle 4 (female or bottom part) which may also referred to as
plug (for further details, see FIG. 4 below).

The optical module 1 is electrically connected to the con-
nector assembly 2, namely to the connector 3, by electrical
connections 5 which, in the embodiment shown in FIG. 1, are
provided by solder balls. The optical module 1 can be sepa-
rated from receptacle 4 together with the connector 3 by
detaching the connector 3 from the receptacle 4. The connec-
tor assembly 2, in turn, is connectable to the motherboard by
further electrical connections 6 which may be provided as a
so-called ball grid array.

In another embodiment (not shown), the optical module 1
may be electrically connected directly to the motherboard via
the electrical connections 5. In a preferred method, this may
be achieved by providing solder pads on the motherboard. In
a second preferred method, a land grid array may be present
on the motherboard which fits to the optical module and in
which the optical module may be inserted or connected.

In FIG. 1, the optical module 1 is depicted with a top cover
7 providing a housing and covering an optical coupling unit
(see, for example, FIG. 2). The top cover 7 provides a
mechanical shielding for components of the optical module 1.
In a preferred embodiment, the top cover 7 is configured to
provide additionally an electromagnetic shielding for com-
ponents of the optical module 1 provided within the top cover
7. For example, the top cover 7 may be made of a metallic
material.

FIG. 2 shows a perspective view of the optical communi-
cationsystem in FIG. 1, wherein the top cover 7 is taken away,
thereby exposing an optical coupling unit 20 of the optical
module 1. The optical coupling unit 20 is located on a printed
circuit board 21 carrying optical components, especially a
transmitter and a receiver (for details, see FIG. 7 below). The
optical coupling unit 20 providing one or more optical com-
ponents of the optical module 1 is arranged on the printed
circuit board 21 by using one or more locating pins (not
shown). The optical coupling unit 20 may be fixed to the
printed circuit board 21, for example by gluing. In addition or
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6

alternatively, the top cover 7 may be fixed to the printed
circuit board 21, for example by gluing.

FIG. 3 shows a front or side view of the optical communi-
cation system in FIG. 1, wherein an optical fiber cable 30 is
coupled to the optical module 1 via a connector 31 which is
implemented as a ferrule connector in the embodiment
shown. The optical fiber cable 30 is of the ribbon type.

FIG. 4 shows a section view of the optical communication
system in FIG. 1 or 3 with the connector 31 plugged in.

On a front face 40, the connector 31 is provided with lenses
41 which may be referred to as ferrule lenses and are located
opposite of first coupling unit lenses 42.

In one embodiment, the lenses 41 are provided in front of
polished front end faces of the optical fibers. As an alternative,
the ferrule lenses 41 may be assigned to non-polished front
end faces of the optical fibers. For example, such unpolished
front end faces of the optical fibers may be produced by just
breaking the fibers after slitting the outer surface of the fiber.
Preferably, in such design there is no subsequent machining
of the broken front end portion of the optical fiber. In still
another embodiment, a (ferrule) connector is provided com-
prising optical fibers having a broken front end portion, but no
ferrule lenses. Such design is a more simplified ferrule con-
nector for optically coupling optical signals.

Important to note, the embodiments of a connector pro-
vided with the unpolished front end faces may be used in
different optical modules such as the optical transmitter mod-
ule, the optical receiver module, or the optical transceiver
module disclosed here. There is a ferrule connector compris-
ing front end portions of a plurality of optical fibers, wherein
the front end faces are unpolished, especially provided as
so-called broken fiber front end.

Referring still to FIG. 4, dashed lines depict an optical light
path 43 between a first light coupling port 40a provided with
the first coupling unit lenses 42 and a second light coupling
port 406 provided with second coupling unit lenses 44 located
opposite to optical elements, especially a transmitter 45 and a
receiver 46, provided on the printed circuit board 21, prefer-
ably made of a ceramic material. Another material which may
be used is glass or FR4 or other material for electrical printed
circuit boards. The printed circuit board may consist of one,
two or more electrically conductive planes. The optical light
path 43 is bended. The bended light path provided with bend-
ing from a vertical direction to a horizontal direction allows
for a departure angle (angle between the plane of the circuit
board 21 and the longitudinal axis or direction of the connec-
tor 31) may range from about 0 to about 30 degree, preferably
from about 0 to about 20 degree, and further preferably from
about 0 to about 15 degree. Preferably, the lower limit for the
angle is about 5 degree.

Such departure or tilt angle is equal to the angle which has
the longitudinal axis of a connector receptacle 48 receiving
the connector 31. During assembling the system, on its final
way into the connector receptacle 48 the connector 31 is
guided along a direction which is parallel to the longitudinal
axis of the connector receptacle 48. Also, the connector 31
can be removed from the connector receptacle 48 along this
direction. This is achieved by providing the connector recep-
tacle 48 with a slot design.

InFIG. 4, it is also shown that there is a bending portion 32
of the optical fiber cable 30 located at or in the vicinity to a
distal end 33 of the connector 31. By the bending in the
bending portion 32 the original departure angle provided in
the connector 31 is (further) decreased. The optical cable 30
is bent down. The distal end 33 is provided on a cable support
extension 34 of the connector 31 extending from the housing
providing cover 7 (see, for example, also FIG. 5).
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For electrical connection between the connector 3 and the
receptacle 4, a pin connection 47 is provided in a separable
configuration.

FIG. 5 illustrates a bottom perspective view of the optical
communication system in FIG. 1, wherein the optical module
1 together with the connector 3 is separated from the recep-
tacle 4. Pin connection elements 50 being part of the pin
connections 47 in FIG. 4 are provided on the bottom side 51
of a connector assembly board 52.

FIG. 6 shows a top perspective view of the assembly in
FIG. 5, wherein the top cover 7 is removed.

FIG. 7 illustrates a top perspective view of the connector 3
of the connector assembly 2 on which the printed circuit
board 21 is provided. On the printed circuit board 21 the
transmitter 45 implemented with a multiple channel optical
transmitter (TX) and the receiver 46 implemented with a
multiple channel optical receiver (RX) are located. The mul-
tiple channel optical transmitter (TX) and the multiple chan-
nel optical receiver (RX) are mounted by the so-called flip-
chip technology. Different from other technologies like wire
bonding, this allows for direct coupling of peripheral compo-
nents, e.g. cooling modules, to the integrated circuits of the
multiple channel optical transmitter (1X) and/or the multiple
channel optical receiver (RX).

FIG. 8 illustrates the optical transceiver system from FIG.
4 in part. In FIG. 8, the optical coupling unit 20, the connector
31, and the printed circuit board 21 receiving the transceiver
components are depicted.

FIG. 9 illustrates a perspective section view of the assem-
bly in FIG. 1, wherein the top cover 7 is removed.

FIG. 10 shows a perspective view of the connector 31.
Also, FIG. 11 shows a top perspective view of the connector
31. On the front face 40, the lenses 41 are provided. Pin holes
110 are provided for receiving locating or alignment pins 120
(see FIG. 12 below).

In a ferrule design known as such, e.g. the so-called MT
ferrule design, front end faces of the optical fibers are pol-
ished. Such polished fiber front faces may be used together
with the ferrule lenses 41. As an alternative, it is proposed to
provide the ferrule lenses 41 in front of unpolished fiber end
portions. In one embodiment, such unpolished end portion
are provided by braking the optical fiber after

FIG. 12 shows atop perspective view of an assembly where
the optical coupling unit 20 is provided on the receptacle 4.
The alignment pins 120 are provided for aligning the connec-
tor 31 when it is received by a reception 121 on the coupling
unit 20. When the connector 31 is connected to the coupling
unit 20, the connector lenses 41 and the first coupling unit
lenses 42 are facing each other.

FIG. 13 illustrates a perspective top view of the receptacle
4. Receiving elements 130 being part of the pin connections
47 (see FIG. 4) are depicted.

FIGS. 14, 15 and 16 show perspective views of the optical
coupling unit 20. Referring to FIG. 16, the second coupling
unit lenses 44 are provided at the bottom of the optical cou-
pling unit 20.

FIGS. 17 and 18 show perspective views of assemblies
comprising the optical coupling unit 20 and the printed circuit
board 21. In FIG. 18, the top cover 7 and the connector 31 are
illustrated in addition.

Finally, FIG. 19 shows a top perspective view of an optical
communication system 190 comprising a PCB motherboard
191 (PCB—Printed Circuit Board) on which four optical
transceiver systems 192 which may be implemented as
described above are provided.
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The features disclosed in this specification and/or the fig-
ures may be material for the realization of the invention in its
various embodiments, taken in isolation or in various combi-
nations thereof.

The invention claimed is:

1. An optical communications system, comprising:

an optical module, comprising

a module motherboard provided with a substrate having an

upper surface and a lower surface,

an optical component disposed on the upper surface of the

substrate, the optical component being configured to
submit and/or receive optical signals and being con-
nected to electrical conductors extending through the
substrate,

an optical coupling module having a first light coupling

port, a second light coupling port, and at least one light
guiding component guiding light signals between the
first and second light coupling ports, and

a connector receptacle, a longitudinal axis of the connector

receptacle being provided with an acute angle to the
plane of the substrate, and

a fiber cable connector provided on an end portion of an

optical fiber cable and received in the connector recep-
tacle, thereby, optically coupling a plurality of optical
fibers of the optical fiber cable to the first or second light
coupling ports.

2. System according to claim 1, the connector receptacle
comprises a module receptacle provided in the optical cou-
pling module.

3. System according to claim 1, further comprising a hous-
ing, the fiber cable connector being provided with a fiber
cable extension support extending from the housing.

4. System according to claim 1, wherein the fiber cable
connector is fixed by a latching mechanism in the connector
receptacle.

5. System according to claim 1, wherein at least a coupling
module portion extending between the first and second light
coupling ports in the optical coupling module is provided as
molded module part.

6. System according to claim 5, wherein the molded mod-
ule part comprises an integrally plurality of optical lenses
provided at least one of the first and the second light coupling
ports.

7. System according to claim 1, wherein the at least one
light guiding component comprises a light reflecting compo-
nent provided with an obtuse light reflection angle.

8. System according to claim 1, further comprising a plu-
rality of optical lenses provided in front of fiber cable end
surfaces in the fiber cable connector.

9. System according to claim 1, wherein fiber end surfaces
in the fiber cable connector are one of polished fiber front end
surfaces and broken fiber front end surfaces.

10. System according to claim 1, further comprising a
connector assembly having an upper mounting surface and a
lower mounting surface and a connector assembly mother-
board receiving at least one electronic component assigned to
the at least one optical component of the optical module and
electrically connected to conductors on the upper and/or the
lower mounting surfaces, the optical module being provided
on the upper mounting surface and electrically connected to
the conductors on the upper mounting surface.

11. System according to claim 10, wherein the connector
assembly comprises an assembly connector providing the
upper mounting surface and an assembly receptacle provid-
ing the lower mounting surface and being releasable con-
nected to the assembly connector.
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12. System according to claim 10, wherein the connector

assembly comprises a Meg-Array assembly.

13. An optical module, comprising:

a motherboard comprising a substrate having an upper
surface and a lower surface,

an optical component disposed on the upper surface of the
substrate, the optical component being configured to
submit and I or receive optical signals and being con-
nected to electrical conductors extending through the
substrate,

an optical coupling module having a first light coupling
port, a second light coupling port, and at least one light
guiding component guiding light signals between the
first and second light coupling ports, and

a connector receptacle configured to receive a fiber cable
connector provided on an end portion of an optical fiber
cable, thereby, coupling a plurality of optical fibers to the
first or second light coupling ports, a longitudinal axis of
the connector receptacle being provided with an acute
angle to the plane of the substrate.

14. A method for mounting an optical communications

system, the method comprising steps of:

15

10

providing an optical module, comprising

a module motherboard provided with a substrate having an
upper surface and a lower surface,

an optical component disposed on the upper surface of the
substrate, the optical component being configured to
submit and/or receive optical signals and being con-
nected to electrical conductors extending through the
substrate,

an optical coupling module having a first light coupling
port, a second light coupling port, and at least one light
guiding component guiding light signals between the
first and second light coupling ports, and

a connector receptacle, a longitudinal axis of the connector
receptacle being provided with an acute angle to the
plane of the substrate,

providing a fiber cable connector provided on an end por-
tion of an optical fiber cable, and

receiving the fiber cable connector in the connector recep-
tacle, thereby, optically coupling a plurality of optical
fibers of the optical fiber cable to the first or second light
coupling ports, the fiber cable connector being received
in the connector receptacle in a position in which a
longitudinal axis of the fiber cable connector is provided
with an acute angle to the plane of the substrate.

#* #* #* #* #*
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